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Newgrange passage tomb is located within the World Heritage Site of Brú
na Bóinne, Co. Meath, eastern Ireland. The monument was built during
the middle Neolithic, c. 3200 BC. The burial chamber and entrance face
the rising sun at winter solstice, providing strong evidence of prehistoric
astronomy, technology and architecture with socio-cultural significance.
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Newgrange Skyscape
in
Stellarium

Foreword
The solar alignment of the passage tomb at Newgrange to face the rising sun on winter
solstice is a significant astronomical and cultural finding of national and global importance.
Following its empirical discovery in 1967 by Prof. Michael J. O’Kelly1, other researchers have
gone on to validate O’Kelly’s initial interpretation of the phenomenon and given it scientific
credibility and meaning.2 More recent analysis of high-resolution photography recorded
during the winter solstice of 2020 now adds to the convincing body of evidence that the solar
illumination of the tomb was intentional.3
Ceremonial and ritual concern with the simplest cycles of the sun and moon at
Newgrange likely continued into the Bronze Age. Scientific analysis of shadow casting
hierophanies arguably links the rising sun on seasonally interesting dates with the placement
of the largest monoliths adjacent to the tomb’s entrance.4 Collectively, archaeological and
scientific endeavours by many investigators over decades adds weight to the assertion that
the rising and setting of some prominent celestial bodies was central to ritual traditions
associated with death and the megalithic monuments in the prehistoric past, and embedded
in the ideology and world view of people in the Neolithic.
Newgrange Skyscape in Stellarium is a new customised landscape model giving the
user the unique ability to interrogate the dynamic sky above the Boyne Valley on any date of
interest during the hours of daylight or darkness. This is made possible by using a
photographic panorama recorded on the summit of the eleven-metre high round cairn which
covers the burial chamber. Astronomical field survey measurements, image processing
techniques and software coding have been used to create the customised landscape file
named newgrange.zip. This contains the photographic images and necessary settings and
instructions to allow Stellarium display the landscape surrounding Newgrange passage
tomb. The model is orientated relative to true north and elevated relative to the astronomical
horizon. As a result, the simulated movements of the moon, planets and stars are realistically
visualised above the actual landscape. The landscape can also be brightened in Stellarium for
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viewing purposes when the sun is below the horizon. In addition, archaeological, astronomical
and topographical points of interest are labelled in the model and visible even during the
hours of darkness. These are summarily described in a short gazetteer appended at the end
of this document to encourage further exploration of the wonderful heritage found in the
Boyne Valley and beyond.

What is Stellarium?
Stellarium is an open source planetarium computer programme which gives realistic
visualisations of the positions of celestial bodies for any time and location specified by latitude
and longitude (measured in degrees, minutes and seconds). The software is open source and
available to download free of charge at https://stellarium.org/. On a cautionary note, and as
Stellarium is further developed, some users may encounter minor problems related to how
the interface displays on some models of computer screens or types. You can resolve such
issues by consulting the Guide to Stellarium.5
Although generic landscapes are embedded in Stellarium to enhance the virtual
realism of the scenes, the power of Stellarium is truly augmented by its ability to allow the
insertion of customised landscapes created from local panoramic photography. This has the
effect of situating the viewer at the place of interest, be it for research or enjoyment. In such
a customised landscape model the apparent movements of the sun, planets and other stars
can be simulated and referenced to the local landscape and horizon with high accuracy.
Once newgrange.zip is installed, the cultural landscape surrounding Ireland’s most
iconic prehistoric monument is dramatically brought to life as never before. The actual
horizon surrounding the cairn is seen on the computer screen and, for the first time, the
changing skyscape throughout the year can be experienced and enjoyed. The clock setting
can be altered too, making it possible to view the skyscape during, for example, the Neolithic
in c. 3200 BC when Newgrange was constructed.
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The Skyscape at Newgrange
The Newgrange skyscape, or in any other landscape of archaeological importance, should be
considered in an international context as set down in UNESCO’s World Heritage Convention.6
This stipulates the duties of State Parties in identifying sites of cultural heritage importance,
how to protect and preserve them, and how to enhance such protection through appropriate
educational and information programmes and dissemination. Locally, the Brú na Bóinne
World Heritage Site Research Framework incorporates several actions which relate cultural
astronomy to the landscape and monuments found in the Boyne Valley.7 These, inter alia,
emphasise the importance of continuing the research into tomb axial alignments and tomb
intervisibility. Newgrange Skyscape in Stellarium can therefore be considered as a fitting
educational and investigative tool in these contexts, and a timely response to some of the
goals contained in the framework document.
With the development of Newgrange Skyscape in Stellarium the following declaration
by the International Astronomical Union is relevant:
The sky, our common and universal heritage, forms an integral part of the total
environment that is perceived by humankind. Heritage that bears witness to
people’s interpretation and understanding of the sky from earliest times
through to the present day stands as a record of the extraordinary diversity of
ways in which our species has viewed, interpreted and understood the
relationship between itself and the world—the universe—that we inhabit. If we
are to keep this record intact, it is vital to recognize and safeguard cultural sites
and natural landscapes that encapsulate and epitomize the connection
between humankind and the sky.9

Newgrange Skyscape in Stellarium
Newgrange Skyscape in Stellarium allows the user to ‘virtually’ visit the Boyne Valley and
interactively engage with this landscape and skyscape of archaeological and heritage value.
The rising and setting of the moon, sun, planets and other stars can now be visualised as never
6
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before. Transport yourself back 5000 years to the Neolithic, a time when the monument was
constructed and astronomically aligned. Reveal the diurnal, monthly and annual cycles of the
moon and sun; and visualise seasonal changes in the night sky. Travel back in time by
thousands of years to see the effects of obliquity and precession – two small but significant
changes to the apparent positions of the sun and stars caused by wobbles in the earth’s axis
of rotation.
On a final note, the global growth in light pollution over recent decades has led to a
pronounced degradation in the visibility of many stars in affected areas.10 Newgrange
Skyscape in Stellarium enables us to estimate that in the Boyne Valley during the Neolithic, as
many as 5000–6000 stars would have been visible to the naked eye at a time when Neolithic
farmers first cultivated the land there. Now, that figure is just a few hundred at most. Losses
such as these cannot be reversed in most cases but can be minimised or eliminated going
forward if appropriate actions are taken by spatial planners and site developers. For such
decision making, Newgrange Skyscape in Stellarium offers an innovative way to view the night
sky in the Boyne Valley free from the effects of light pollution and, for the first time, presents
the virtual experience of a truly pristine night sky centred on Ireland’s premier archaeological
landscape.

Dr Frank Prendergast FSCSI FRICS
Emeritus Research Fellow
Faculty of Engineering & Built Environment
Technological University Dublin
https://arrow.tudublin.ie/authors.html
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The north sky at Newgrange as captured by Ken Williams © 2019. This scene shows the entrance
kerbstone K1, the door-stone and entrance passage, the roof-box and the re-constructed granitic
facade. Time-lapse photography reveals the counter-clockwise apparent motion of the stars revolving
about the current North Celestial Pole (NCP). The centre of the circular star trail pattern indicates the
location of Polaris, our North Star, less than one-degree from the NCP. A sky viewer in the Neolithic,
c. 3200 BC, would have seen a very different set of stars appearing to rotate about the NCP, due to
the effect of precession on the axis of rotation of the earth.
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Stellarium Installation Instructions
1.

Download Stellarium to your computer (not a mobile device)

Enter or paste www.stellarium.org into the search window of your browser (Google, Internet Explorer,
Firefox etc.) The menu below will appear on your screen.

Select your computer’s operating system e.g. Windows 64 bit
stellarium.exe will download – monitor the bottom left corner of your screen for progress.
Once downloaded, click on stellarium.exe to begin installation onto your computer’s C drive.
Accept the default location where the programme files will be saved (normally c:/programme files).
Once installed, the Stellarium shortcut icon (as shown on the left side of the banner above) will appear
on your desktop screen (you will click on that icon to run the programme each time). Open Stellarium.

2.

Access and save newgrange.zip to your computer

The Institutional Repository ‘ARROW’ gives access to this document and the accompanying landscape
file newgrange.zip (as additional data).11 Download and save it onto your computer – in any location
such as the desktop or other folder created by you. The file size is about 80 mb. DO NOT UNZIP OR
RENAME THIS FILE.

3.

Add the newgrange.zip customised landscape file to Stellarium

With Stellarium now open and running on your computer, activate the two menu task bars located on
the bottom and left-hand side of the Stellarium window. Do this either by moving the mouse cursor
into these regions of the screen or use the keys F1–F6. You can fully explore those at a later stage.
In the left menu bar, select the third icon from the top:
‘Sky and viewing options window [F4]’, then Landscape tab.
If using a laptop without a mouse, pressing F4 will activate this menu option.

11

Technological University Dublin Library Service, "Arrow@Tu Dublin," https://arrow.tudublin.ie/, accessed
December 2021.
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Notice that in the list of pre-installed Landscapes in Stellarium, Newgrange is not there, yet!
Click the Add/remove landscapes at the bottom of the window.
This opens a new window (same name) with the option to ‘Install a new landscape from a ZIP archive.’
Click on that, then find newgrange.zip where you saved it on your computer.

Click on the ‘newgrange’ icon (as shown below) to open it in Stellarium.

After a second or two, the window below will display – close it (X) and also the preceding Add/remove
landscape window.

8

The Sky and Viewing options window will now include ‘Newgrange’, alphabetically listed in the
available landscapes each time you open the programme.

Now select Newgrange from that list.
This window shows the latitude, longitude and height used in the newgrange.zip file.
In the Options, tick the boxes as shown. Set Minimal brightness to about 0.3 (this will make the
landscape visible at night). Tick Show landscape labels (this is how you can switch all labels in the
model on/off as desired).
Close this window (X).

9

You are now viewing the Newgrange landscape and horizon from the vantage of the summit of the
cairn.
Pan around the horizon using the mouse (click/drag) or use the keyboard arrow keys left-right,
up/down ~ see example below.
Zoom in/out using the mouse wheel (PgUp/PgDn on the keyboard).

Dynamically zooming in/out will optimally separate the label texts as shown above. Note that
Stellarium is primarily used to view the sky; label font size, style and colour are not editable.
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4.

Set your location in Stellarium to Newgrange

This is the final task in the set-up process and needs only to be done once.
Select the top icon on the sidebar menu ‘Location window [F6]’.
Type ‘Ireland’ into the search window. Bangor and Drogheda are already preloaded in Stellarium.
Select Drogheda to make this your geographical location with minimal error for sky viewing from
Newgrange (Drogheda is only 8 km to the east). However, it is a simple task to set the summit of
Newgrange passage tomb cairn as your exact viewing location for greatest viewing accuracy.
To do this, overwrite the data as shown in the window below (using Drogheda or any other
location) with the settings for Newgrange latitude, longitude and height – check your input for error
and exactness. Also change the name to Newgrange, Ireland, Northern Europe. Now click Add to list
- Newgrange will be saved for future use and show as your location in the bottom left corner of the
Stellarium window. You can also make Newgrange the default location. If not, find it in the list of places
the next time you run Stellarium by typing ‘Ireland’ into the search location window and then select
‘Newgrange, Ireland, Northern Europe’ (or just type ‘Newgrange’ to find it directly).
Close the Location window (X).

Congratulations – you have successfully installed Stellarium for Newgrange on your computer.
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5.

How to use Stellarium

The instruction manual guide.pdf comes with the programme download and can be found in the
Stellarium directory, typically in c:/Program Files/Stellarium/guide/. This is a comprehensive
document but if you simply want only the essential tools, there is a HELP Window [F1] at the bottom
of the left menu window. However, the programme is highly intuitive and quickly mastered.
The left hand menu bar has a Date/time window [F5] – this is most useful for setting a specific date
and time. The window can be dragged away using the mouse. Try the following to preview sunrise on
the next winter solstice:

Next, advance the clock to the hours of darkness as shown below to visualise the Boyne Valley at night.
You can see the landscape because you have already artificially brightened it to 0.3 in the settings.
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The night of winter solstice 2021 has a full moon rising in the northeast – set the clock as shown below
and then pan to the NE (click and drag with the mouse or use the left/right arrows of the keyboard).

It is now time to explore the menu options on the bottom task bar. There are four time-setting
options including ‘Set time to now [8]’ and ‘Increase time speed [L]. The latter accelerates the
apparent movement of the celestial bodies. Use the Set time to now function to restore. Constellation
lines [C] and Constellation labels [V] can be toggled on/off. Two celestial coordinate systems are
available. Equatorial grid [E] displays Right Ascension and Declination coordinates and Azimuthal grid
[Z] displays Azimuth and altitude, all in angular degree units. Click on any celestial body to display a
detailed astronomical description; right-click anywhere on the screen to remove the data.
To learn more about the motions of the heavenly bodies additionally use the (free) App Sky
Portal produced by Celestron, the manufacturer of astronomical telescopes. Stellarium and Sky Portal
together provide the user with phenomenally powerful tools to better understand and enjoy the
astronomical wonders of the sky which all of us share.
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6.

Points of interest

The curious visitor to Newgrange and the wider Boyne Valley archaeological landscape will invariably
ask ‘What are the points of interest nearby’? One way to resolve this question is to consult the Historic
Environment Viewer, a website maintained by the Department of Housing, Local Government and
Heritage (available at https://maps.archaeology.ie/historicenvironment/). This powerful interactive
map-based resource enables the user to obtain answers to this question. The Map Viewer can be
queried by County, Townland, Town or Monument Class. If the Record Number (SMR) of a site is
known, that can also be used to obtain information on a specific monument. Newgrange passage
tomb, for example, is found using the entries shown below or directly by entering its unique SMR
number ME019-045----. The user is encouraged to use the Map Viewer to obtain a comprehensive
description of this national monument.

The following tables briefly describe selected Points of Interest which are labelled in Newgrange
Skyscape in Stellarium (labels can be switched off/on as earlier described). Where a site contains
several recorded monuments, a single SMR number is given here so as to identify the general location
of the complex of monuments shown in the Historic Environment Viewer as previously cited.
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Points of interest on the horizon—clockwise from north

Mourne Mountains
Slieve Donard
Passage tomb
DOW049:011 (UK)

Sunrise–summer solstice

Clogher Head

EAST

REDMOUNTAIN

Sunrise–winter solstice

Dublin–Wicklow Mountains

The Mourne Mountains in northeast Ireland are one of four distinct
mountain masses in that region along with Slieve Gullion (576 m), the
Carlingford peninsula and Slieve Croob (534 m). The highest peak,
Slieve Donard (853 m), is crowned by a ruined passage tomb which is
the highest in northwest Europe. Slieve Gullion also has a passage
tomb whose entrance faces the setting sun on winter solstice. The
granitic cobbles which stud the Newgrange facade likely originated in
the Mourne-Carlingford region. The term ‘Cobble’ signifies one of the
four divisions of gravel by size, being 64–256 mm in diameter (also
granular, pebble and boulder).
The point on the horizon which the rising sun reaches every 21 June.
After that date, the direction of the rising sun can be observed to
reverse and begin its southward journey along the horizon towards
the autumnal equinox and, eventually, winter solstice on 21
December, its most southerly limit.
The 97 kerbstones which delimit the base of the Newgrange cairn are
made of greywacke, an impure form of sandstone, comprised of
sharply angular fragments aggregated in a matrix of mud. These
clastic stones likely originated in Clogher Head, Co. Meath and were
transported down the coast and up the River Boyne to Newgrange in
small craft. Once placed in-situ at the base of the tomb, the megalithic
art would have been carved onto the greywacke surfaces with a
harder stone, such as quartz or quartzite, used as a tool.
The sun rises here on the equinoxes. The Vernal or Spring Equinox
occurs on 20 March and the Autumnal Equinox on 22 September. At
such times, the sun is midway between its azimuthal and declination
limits on winter and summer solstice. The diurnal change in the
direction of the rising sun at the equinoxes is about one solar
diameter or half-a-degree.
REDMOUNTAIN is a forty-one hectare townland in Co. Meath, less
than 3 km southeast of Newgrange. It is more a hill than a mountain
given the summit elevation is only 95 m above sea level, and its lack
of visual distinctiveness or separateness. The name in Irish, An
Mullach Rua, better reflects the actual topography with Mullach
meaning ‘Hill’. If viewed from Newgrange, the sun rises behind
REDMOUNTAIN on winter solstice.
The point on the horizon which the rising sun reaches every 21
December. After that date, the direction of the rising sun can be
observed to reverse and begin its northward journey along the
horizon towards the vernal equinox and, eventually, summer solstice
on 21 June, its most northerly azimuthal and declination limit.
This major landform is visible on the southern horizon on a clear day.
Granite, quartzite, shale and greywacke are the dominant rock types.
The spectacular quartz blocks which adorn the facade of Newgrange
were sourced there in the Neolithic and likely transported by small
craft via the coast and the River Boyne to Newgrange.
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Hill of Tara
ME031-033007Passage tomb

Sunset–winter solstice

WEST

Loughcrew passage tombs
ME015-012004Cairn T

Hill of Slane
ME019-060002-

Church

Sunset–summer solstice

Slieve Beagh
ME013-048---Ringfort - rath

Mount Oriel
LH020-005001-

Ballynagriga Wood

The Hill of Tara, Co. Meath, is 152 m above sea level and the location
for numerous prehistoric earthen enclosures, barrows and pit burials.
The summit has one small passage tomb dated to around the same
time as Newgrange. The site and its name are iconic in terms of Irish
culture, identity and tradition.
The point on the horizon which the setting sun reaches every 21
December. After that date, the direction of the setting sun can be
observed to reverse and begin its northward journey along the
horizon towards the vernal equinox and, eventually, summer solstice
on 21 June, its most northerly azimuthal and declination limit.
The sun sets here on the equinoxes. The Vernal or Spring Equinox
occurs on 20 March and the Autumnal Equinox on 22 September. At
such times, the sun is midway between its winter and summer solstice
limits. The diurnal change in the direction of the setting sun at the
equinoxes is about one solar diameter or half-a-degree.
This complex of passage tombs and other prehistoric structures is one
of four large clusters on the island. The tombs are distributed on the
slopes and summits of three prominent hills which rise dramatically
above the surrounding lowland plain.
A prominent hill bearing numerous ruined ecclesiastical remains with
some originating in the Early Christian period. The site is synonymous
with St. Patrick who is recorded as having lit a Pascal fire on the
summit during a visit there in the fifth-century AD.
The point on the horizon which the setting sun reaches every 21 June.
After that date, the direction of the setting sun can be observed to
reverse and begin its southward journey along the horizon towards
the autumnal equinox and, eventually, winter solstice on 21
December, its most southerly azimuthal and declination limit.
This is the site of a barrow complex in the townland of
Rathbranchurch, Co. Meath. The site contains 19 artificial mounds of
earth or earth and stone, constructed to contain or conceal burials.
These are part of the Bronze/Iron Age burial tradition (c. 2400 BC–AD
400). The name ‘Slieve Breagh’ is also used locally.
This summit is the location of two prehistoric ditch barrows, one ring
barrow and a mound. Ditch barrows are funerary monuments that
may date to the Neolithic (c. 4000–2400 BC) but more usually date to
the Bronze/Iron Ages (c. 2400 BC–AD 400). Ring barrows are part of
the Bronze/Iron Age burial tradition (c. 2400 BC–AD 400).
The summit of this hill lies almost due north of Newgrange in the
townland of Starinagh. It is crowned by a distinctive stand of
woodland and currently lacks any evidence of recorded
archaeological monuments.
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Points of interest in the landscape—clockwise from north

Dowth passage tomb
ME020-017----

Newgrange cursus
ME019-044001-

Passage tomb ‘Z’
ME019-044004-

Passage tomb ‘Z1’
ME019-044003-

River Boyne

Pit circle

ME019-044002-

Mound B–possible passage
tomb.
ME019-058001Mound A–possible passage
tomb.
ME019-049001‘Great Stone Circle’
ME019-045005-

Ritual ponds
ME019-067003-

Knowth passage tomb
ME019-030001-

Dowth is one of the three mega-tombs in the Boyne Valley. It is
comparable in size with Newgrange and Knowth but the mound is
in poor condition. The round cairn contains two small passage
tombs and is delimited by kerbstones, some of which bear
megalithic art. The south tomb faces the setting sun on winter
solstice.
This artificial feature is 30 m wide, c. 140 m in length and runs
south-southeast towards the River Boyne. It is clearly visible in the
Stellarium model. The rectangular earthwork has a round-end and
a raised central bank edged by a ditch. It is likely Neolithic in date,
c. 4000–2400 BC, and widely believed to have been used as a
ceremonial pathway for procession. If ever used in that fashion,
the approach would have been from north-northwest with the
user’s movement terminating at the round-end so as to overlook
the River Boyne below.
Site ‘Z’ is 30 m east of Newgrange. This was a kerbed mound, 20
m in diameter, containing a single-side chamber/recess.
Site ‘Z1’ is a possible passage tomb, 60 m east of Newgrange.
The River Boyne rises in the Bog of Allen, Co. Kildare and flows for
c. 110 km before it enters the Irish sea beyond the town of
Drogheda, 15.5 km east of Newgrange. The course of the river
makes a pronounced southward deviation at Knowth and loops or
bends so as to seemingly ‘enclose’ nearly all of the passage tombs
found in the Boyne Valley.
Pits Circles are enclosures of Late Neolithic/Early Bronze Age date
(c. 3200–1550 BC). They relate to henges and are defined by a
circular arrangement of pits but without evidence of having held
posts. The Newgrange Pit Circle was revealed in excavation by P.D.
Sweetman and 14C dating suggests it was built c. 2000 BC.
This grass-covered mound measures 36 m in diameter and 8 m in
height. Classification as a passage tomb will only be determined
by excavation.
This grass-covered mound measures 25 m in diameter and 6 m in
height. Classification as a passage tomb will only be determined
by excavation.
The twelve monoliths surrounding the Newgrange passage tomb
are dated later than the tomb and earlier than the Beaker
occupation phase.
A ritual pond is a body of still water artificially formed for ritual
depositions. These are associated with the Bronze and Iron Ages
(c. 2400 BC–AD 400). The ponds shown here were identified as
such by Tom Condit.
The great mound of Knowth is the focal point of the passage tomb
complex consisting of more than twenty such tombs, all tightly
clustered around the main mound. It was built and utilised in c.
3200–2900 BC. One of the two discrete burial chambers within
is cruciform. Many of the 127 contiguous kerbstones which
delimit the cairn are lavishly embellished with megalithic art.
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